T HE recording of the arterial pressure pulse by direct puncture of the brachial artery has become a routine procedure in clinical cardiac physiology. In the diagnosis of aortic stenosis, particularly, the arterial pulse tracing has been considered of diagnostic importance. The pulse contour has been used in recent years to confirm the clinical diagnosis of aortic stenosis,' 2 to assist in the selection of patients for surgical treatment of aortic stenosis,' and to evaluate the results of aortic commissurotomy. 4 The characteristic abnormalities of the pulse in aortic stenosis have been considered to be a prolonged duration of the systolic upstroke, an anacrotic notch, low systolic and diastolic pressures, and a narrow pulse pressure. These features have long been known to the Clinician, and were described and illustrated in detail with externally recorded sphygmograms a generation ago.5' 6 There have also been extensive studies in experimental animals,7-" demonstrating in addition a prolonged duration of systole in aortic stenosis and a lesser degree of transformation of the arterial pulse contour in the course of transmission to the periphery.
They have also suggested that the degree of alteration of the pulse form is related to the degree of the aortic stenosis. It is upon these experimental studies, in addition to the older clinical observations, that present-day interpretation of arterial pulse contours is largely based.
However, published material oln direct human arterial pulse contours has been scant and fragmentary. There is a need for a more complete description of the contours observed clinically in normal and abnormal states. This paper is directed at that purpose, being a review of brachial artery pressure tracings from 250 patients taken during the past 4 years, with particular attention to the problem of exact diagnosis of aortic valve lesions. MATERIAL Cardiac output in the normal subjects was determined by the dye dilution technic.
On each tracing, the systolic, diastolic, and mean pressures, the pulse pressure, the systolic upstroke duration, the duration of "systole," the slope of the systolic upstroke, and the cycle length were measured. The duration of the systolic upstroke was taken as the time interval from the beginning of the systolic rise to the point of peak systolic pressure. "Systole" was defined as the time interval from the beginning of the systolic rise to the lowest point of the dicrotic notch, or to the point of abrupt change in rate of decline of the downstroke. This table presents the ratios of the observed differences between the means of the 2 groups for each measurement to the standard error of the difference between the means. If the observed difference is more than twice the standard error of the means, then there is a less than 5 pei cent probability that the 2 groups represent random samples from the same population, i.e., p = <0.05. If the ratio is 2.50, then p = <0.0125, and if the ratio is 3.00, then p = <0.003.23
Normal Subjects (group 1, fig. 1 STUDY OF BRACHIAL ARTERIAL PULSE FORMI highly significant difference in upstroke duration was predominantly due to the tendency of the pulse contours of older patients to show a gradually rounded peak instead of a sharp early peak as was characteristic of the pulse contour of almost all younger normal subjects.
The length of the cardiac cycle was not related to the upstroke duration in either group of normal subjects.
Aortic Stenosis, Severe (group 2, fig. 2A) The upstroke duration in these patients ranged from 0.14 to 0.24 second, with a mean value of 0.20 second. The range overlapped that of the normal subjects to a mild degree ( fig. 3 ), but the difference between the means was highly significant (p = <0.01). The patients with aortic stenosis also showed significantly lower systolic, diastolic, and mean pressures, and slower heart rates than the normal subjects of comparable age (group iB), although the total group of normal subjects taken together differed significantly from the aortic stenosis group only in the duration of the systolic upstroke. The mean pulse pressure in the aortic stenosis group was smaller than that of group 1B, but the difference was not statistically significant. This finding documents a fact now widely recognized clinically; that a narrow pulse pressure is a characteristic feature in only a small minority of cases of severe aortic stenosis. The pulse pressure cannot be relied fig. 4A ). The pulse contours of the patients of group 5 showed some uniformity in the occurrence of abrupt upstrokes, bifid systolic peaks, and small or absent dicrotic waves, but none of these characteristics was constant, and all have been seen in tracings from patients without aortic insufficiency. The procedure was useful as an accurate measurement of the diastolic pressure, which was not lower than 30 mm. Hg in any of these patients, although sounds were heard down to zero during sphygmomanometric determination of the blood pressure.
Mitral Stenosis and Insufficiency
Mitral stenosis has been associated with no particular features of the arterial pulse contour distinguishable from the normal, though a small pulse pressure with a flattened systolic peak is commonly seen.
Some patients with marked mitral insufficiency have shown the "small collapsing pulse" described by others.'2 Group 6 ( fig. 4B ) includes selected patients showing some degree of this characteristic of the pulse. Their arterial pulse forms show rapid upstrokes, rapid downstrokes, short "systoles," low dicrotic pressures, and prominent dicrotic waves.
Exercise
During exercise, there was a distinct tendency for the systolic and mean pressures to rise somewhat, and for the dicrotic wave to become lower and flatter ( fig. 4C ). The systolic upstroke duration changed very little unless it was prolonged initially, in which case it sometimes became much shorter. Flat-topped curves with apparently long upstrokes were sometimes revealed as quite normal during exercise. These changes were not constant and did not appear to be correlated with the degree of change in cardiac output or peripheral resistance. _Many patients showed identical pulse forms during rest and exercise in spite of marked increases in cardiac output. Several patients with elevated cardiac output in association with hyperthyroidism, anemia, or liver disease ( fig.  4D) showed pulse forms at rest similar to those of other patients during exercise and similar to those of patients with aortic insufficiency.
DISCUSSION
The brachial arterial pressure pulse form is best considered as representing the central aortic pressure pulse, altered in form in the course of transmission to the periphery. '3 14 This alteration may take place by way of summation of one or more standing waves with the transmitted central aortic pulse. Thus, any changes observed in the brachial arterial pressure pulse may be the result of changes in the central pressure pulse, or of changes in the transmission of the central pulse to the periphery, or both.
The central aortic pressure pulse is a function of the rate and pattern of ventricular ejection, the stroke volume, the distensibility of the aortic chamber, the peripheral vascular resistance, and the viscosity of the blood.: The pulse form may be modified by physiologic or pathologic changes in any of these parameters.
Certain In 40 "normal subjects" the duration of the systolic upstroke ranged from 0.06 to 0.20 second, mean 0.11 + 0.04 second, and the contour of the pulse form showed greater variation than heretofore reported for the human adult. Notching was present on the anacrotic limb in 2 cases. There was a significant increase in the upstroke duration with age.
In 19 of 20 patients with proved severe aortic stenosis characteristic abnormalities of the pressure pulse were evident. The duration of the systolic upstroke was prolonged to a mean of 0.20 + 0.03 second in this group, and an anacrotic notch was present in 15 cases. While the mean duration of the systolic upstroke was significantly longer than in the normal group, there was some overlap.
The arterial pressure pulses of 13 patients with clinical aortic stenosis proved to be physiologically mild or insignificant resembled those of patients with proved severe stenosis, although the mean upstroke of the group was significantly shorter in duration.
Six patients with proved severe pure aortic insufficiency tended to show characteristic pressure pulses with rapid upstrokes, bifid systolic peaks, and low or flat dicrotic waves. None of these features may be considered diagnostic, since they are also seen in hyperthyroidism, anemia, and other high-output states.
Pulse pressure tracings from a group of 20 patients with decompensated nonvalvular heart disease showed wide variation and did not differ significantly from those obtained from normal subjects, but there was some evidence that both the systolic upstroke and "systole" may be shortened in myocardial failure.
Pulse contours in marked mitral insufficiency may be of the "small collapsing" type.
It 
